This type of calcium was designated hard-to-exchange calcium.
Hardto-exchange calcium was absent or nearly zero in calcium caseinate dispersion or colloidal phosphate-free milk, but was present in composite calcium caseinate phosphate dispersion. It is suggested that hard-to-exchange calcium is present in a part of colloidal phosphate portion of casein micelles.
It has been known that native casein in milk exists as micelles consisting of calcium caseinate and a salt of calcium and phosphate. However, the chemical and the physical struc ture of this complex has been still uncertain as discussed in an excellent review by Rose.' The methods used so far for investigation of the nature of colloidal salt in milk have been rather indirect.
In is certainly desirable to explore more direct methods for the investi gations on native casein micelles.
In the experiments performed in our labora tory on removal of radioactive strontium from milk, it was found that the "Sr introduced into milk via cow by injection was less removable with ion exchange resin than the s"Sr added to milk in vitro .2) This suggests that the distribution of the "Sr added to milk might be somewhat different from that of the s"Sr incorporated into milk in vivo Rennin clotting method and equilibrium dialysis method were also applied to prepare soluble phase in some experiments. One tenth ml of rennin solution containing 10 mg of purified rennin6) per ml was added at proper intervals to a 5 ml aliquot of the skimmilk to which 45Ca had been previously added.
Prior to the addition of rennin, skimmilk was pre incubated for a few minutes in a water bath kept at 30°C. Coagulation took place within 2 min under this condition. Whey was immediately separated by centrifugation (2000 rpm, 5 min). Equilibrium dialysis was carried out in the same way as described by Davies and White.7) Eight ml of water was introduced into a cellophane tube (Visking Co., d. 1.4 cm) and dialyzed against 200 ml of the skimmilk to which I ml of 45CaCl2 solution had been added. After dialysis at 20°C for 48 hr with occasional stirring, the dialyzate was taken out and analyzed.
In the case of rennin clotting or equilibrium dialysis method, a small amount of chloroform was also added as a preservative.
3. Analysis. Calcium content in the sample was determined by a back titration methods) after addition of excess EDTA solution with standard calcium chloride solution. Phosphorus was determined by the modification of Allen's method9) and nitrogen by micro Kjeldahl method.
Radioactivity in the sample was determined either by a standard method or by a rapid method . In the 5) G. T. Pyne and T. C. A. McGann , J. Dairy R esearch, 27, 9 (1960) . 6) U. Yoshino, N. Nakatani, Y. Tokoro and K . Yamauchi, Nippon Nogeikagaku Kaishi, 40, 52 (1966 , 8, 156 (1960) .9 ) M. Nakamura, Nippon Nogeikagaku Kaishi, 24, 1 (1950) . standard method one ml of the sample was ashed at 550°C with calcium chloride (equivalent to 10 mg Ca) added as a carrier. A few drops of fuming nitric acid were added to the ash, dried up by heating and then the ash was dissolved with proper amount of water. The content was filtered and the filtrate was neutralized with concentrated ammonium hydroxide after adding phenolphthalein as the indicator.
Then the same volune of the saturated ammonium carbonate solution was added to the solution. The solution was left overnight and the precipitated calcium carbonate was collected on filter paper and washed with water. After drying up, the radioactivity was determined by a Model IDC-IC radiation counter (Nihon Musen Co., Ltd.)
In the rapid method, 0.1 ml of the sample was spotted on a piece of filter paper (Toyo Filter Paper No. 5B, d. 2.5 cm) put in a dish. After the sample was dried up, the radioactivity was determined directly. Because of convenience and rapidity, the latter method was used in most experiments unless otherwise stated.
The relationship between the amount of sample applied and the activity determined by the rapid method was checked on the skimmilk and the rennin whey to which appropriate amount of 45CaCl2 solution was added.
As seen in Fig. I However, the activity in water gave considerably lower value than in milk. This discrepancy seemed to be due to the difference of milk (or its fractions) and water in their behaviors to diffuse into filter paper, but the investigation on this point was not further performed. The rapid and the standard methods were compared in one of the calcium exchange experiments described later and it was found that both methods gave an almost identical value for proportion of 45Ca of soluble phase in milk (see footnote in Table I ).
4. Calculation. If it is assumed that the exchange between ionic calcium (added 45Ca was of this form) and non-ionic soluble calcium reaches to an equilibri um state within u very short time compared with the exchange between the calcium in soluble phase and that in colloidal phase, the proportion of the exchang-(a) and (b) are independent experiments and therefore can not be compared with each other. 
Exchange of calcium in milk
Exchange of calcium between soluble and colloidal phase in milk was determined on four different lots of pooled skimmilk by the ultrafiltration method. The result indicated in Table I shows that the exchange was relatively rapid; approximately half of colloidal calcium was exchanged within one hr. How ever, the exchange proceeded further until an equilibrium state was attained. Generally, the maximum °o Caex was obtained after one or two days.
It might be questionable to conclude that the equilibrium state had been attained at this stage in the strict sense, but the present study could not evaluate a slow exchange process beyond a few days, if it actually exists, because of (a) relatively large experimental error, and (b) difficulty to con tinue the exchange experiment for longer time without possible deterioration of milk itself. Approximate proportion of hard-to-exchange calcium estimated from 100-% Caex at 48-49 hr was 33-38% (average 36%) for sample 2-4 and 22% for sample 1. Smaller propor tion of the hard-to-exchange calcium in sample 1 may be related to the lower pH value of this sample compared with usual milk.
Similar experiments were performed on six different individual milk samples. Results are shown in Table II .
Hard-to-exchange calcium estimated from 100-% Caex at 48- Table  I. 49 hr varied from about 30 to 47% depending on sample, and gave an avarage 39%. Sample 6 coagulated upon addition of equal volume of 70% alcohol but the acidity of this milk was rather low (0.97%). This type of alcohol positive milk has been sometimes found in Japan."' No particular characteristic of cal cium exchange appeared to be indicative of this abnormal sample. The occurrence of hard-to-exchange calcium was also confirmed by the rennin clotting and the equilibrium dialysis methods (Table III) .
Pooled skimmilk was used in these experi ments.
The milk used for the rennin clotting method was the same to one of the milk samples used for ultrafiltration method (No. 4 in Table I ).
The rennin clotting method gave a slightly higher percentage of Casol than 12) M. Maeno, Jap. J. Zootech. Sci., 28, 197 (1957 Table IV 2. Exchange of calcium in colloidal phosphate free milk CaeX in colloidal phosphate-free milk was estimated by the ultrafiltration method. The radioactivity was determined by the rapid method.
CaeX in this system approached to nearly 10000 after 4849 hr, as indicated in Table V . However, the speed of the exchange was relatively slow compared with that in calcium caseinate dispersion (see next). 
